then analyzed. WAIS-CR was tested before and 3months after radiotherapy. The mean radiation dose of left and right HC was (1147 ± 976)cGy, (1011 ± 602)cGy respectively. The radiation dose and the volume exposed in different dose of HH, HB and HT decreased in turn. For 5 patients, before and after radiotherapy, the regular-order score was 8.60 ± 1.34, 8.0 ± 1.00 (P = 0.43), while the reverse-order score was 5.80 ± 0.84, 5.20 ± 0.84 (P = 0.07). The radiation dose of HH, HB and HT was different, and the radiation dose of HH was the highest, which should be emphasized especially.
Hospital approved the protocols for data collection and analyses. All the methods described here were performed in accordance with the relevant guidelines and regulations.
Immobilization and scan. The patients were immobilized by head neck shoulder thermoplastic mask at comfortable position. CT-sim scan was completed with Philips Brilliance CT or GE Light Speed, and scan layer thickness was 3 mm. After CT-sim scan, MRI scan was obtained in the same posture and immobilization mode with SIEMENS Verio 3.0 T. The parameters of MRI scan were as follow: layer thickness 1.5 mm, layer space 0.45 mm, field of view (FOV) = 230 × 230 mm, TR 1440 ms, TE 11 ms, flip angle (FA) 150 degree, scan matrix 320 × 320, the rotation angle 90 degree, voxel size = 1.0 × 0.7 × 1.5 mm 3 . CT-sim and MRI scan images were transmitted into RayStation4.0 v (RaySearch Laboratories AB), then the CT and MRI images were fused and reconstructed for target and OARs delineation.
Target delineation and dose constraint. Target definition and prescription dose of nasopharynx and
neck. PGTVnx + rn was the irradiated target of primary nasopharyngeal tumor and retropharyngeal lymph node, prescription dose 7040 cGy/32 F. PTV1 was the irradiated target of high-risk area, prescription dose 6080 cGy/32 F. PTV2 was the irradiated target of low-risk area including the neck lymphatic drainage area, prescription dose of 5440 cGy/32 F. PTVnd was the irradiated target of cervical lymph node, prescription dose 6400 cGy/32 F. Dose constraint. At least 95% PTV was covered by the prescription dose. The volume of PTV receiving more than 110% of the prescription dose did not exceed 20%, and that receiving less than 93% of the prescription dose did not exceed 1%. Dose constraint of OARs was as follow: irradiated dose of brain stem less than 54 Gy; the maximum irradiated dose of spinal cord less than 45 Gy; dose constraint of other OARs see in expert consensus. HC was not listed as OAR in treatment plan, and there was no dose constraint for HC in the process of planning.
The delineation of HC and the segmentation of HH, HB and HT.
(1) The delineation of HC: According to criterion of RTOG 0933 6 , bilateral HC(HC-L, HC-R) was delineated on T1 weighted MRI images in 10 patients by two established physicians. And all delineated HC were reviewed and revised by the same senior physician. ( 2) The definition of HH, HB and HT: According to the anterior to posterior direction, HC was segmented into three parts: HH, HB and HT by the ratio of 35%, 45% and 20% respectively 7 . (3) The segmentation of HH, HB and HT: Fixed an image on sagittal section in which HC showed, then confirmed the total layers of the HC that showed on coronal section. With the ratio of 35%, 45% and 20%, the respective total layers of HH, HB and HT was confirmed. Meanwhile, the two sagittal layers that were based on to divide HH, HB and HT were confirmed. The two sagittal layers were showed as two lines on transverse section. Based on the two lines, HC was segmented into HH, HB and HT layer by layer. 
Results
1. All 10 patients received 2-3 cycles induction chemotherapy. Effects were evaluated as PR in 9 patients (nasopharyngeal lesions close to CR in 3 patients), SD in 1 patient. Then radiotherapy and concurrent chemotherapy followed. 2. There was relatively a lot of radiation dose in bilateral HC (showed in Table 1 ). D 1% , D 50% , D mean and D 99% of HH, HB and HT decreased in turn. The radiation dose of HH was much higher than that of HB and HT (showed in Table 2 ). 3. The volume that was irradiated with different dose of HH, HB and HT was different. V 5 -V 50 % decreased in turn (except for the V 20 % of HC-R). The volume of HH was much higher than that of HB and HT (showed in Table 3 ). 4. Five patients completed WAIS-CR test. Before and after radiotherapy, the mean value of regular-order scores was 8.60 ± 1.34, 8.0 ± 1.00 (P = 0.43), and the mean value of reverse-order scores was 5.80 ± 0.84, 5.20 ± 0.84 (P = 0.07).
Discussion
The 5 year overall survival(OS) of stage I, II, III and IVa-b NPC patients was 100%, 94.3%,83.6% and 70.5% respectively 8 . Because of so good curative effect, it is extremely important to reduce complications and improve quality of life of NPC patients. Radical radiotherapy is the main treatment for non metastatic NPC patients. The intelligence, memory and cognitive function of NPC patients decreased after radiotherapy 9, 10 . In this group, 5 patients completed the WAIS-CR test. After radiotherapy, the patients decreased in the mean value of regular-order and reverse-order repetition, and the P value of reverse-order repetition was close to statistical significance (P = 0.07). This result also indicated that cognitive function impairment decreased after radiotherapy in NPC patients. Located in the inner side of temporal horn, HC is closely related to cognitive function. In 1957, Scoville and Milner 11 reported that the removal of HC could cause memory impairment in space and time, especially the loss of ability to form new declarative long-term memory. The severity of impairment depended on the extension of resection degree of HC. Animal experiments showed that HC played an important role in cognitive impairment caused by radiotherapy. The granular cells of the HC dentate gyrus were extremely sensitive to radiotherapy, and only 1 Gy could reduce proliferation of the cells. The neurogenesis of HC was inhibited after radiotherapy, which was closely related to cognitive impairment 12 . The mice whose HC was irradiated with 10 Gy showed cognitive impairment in Barnes maze 13 . RTOG 0933 showed that HC sparing could reduce the cognitive impairment in patients who underwent brain radiotherapy 3 . Based on RTOG0933 protocol, animal experiments also demonstrated that the cognitive impairment test of the HC sparing mice was significantly better than that of non HC 18 . And the D mean was (2411 ± 239)cGy in the report of Han et al. 19 . In this study, the D mean of HC-L and HC-R was (1147 ± 976) cGy, (1011 ± 602) cGy respectively, which was lower than those reported previously. The possible reasons were as follow: on one hand there was certain randomness in the radiation dose of HC as there was no dose constraint; on the other hand patients in this group all underwent 2-3 cycles of induction chemotherapy. Then the irradiated target volume reduced, so the radiation dose of HC reduced to some extent.
HC is a symmetry structure that goes along from anterior-inferior to posterior-superior, and can be segmented into head, body and tail. In 2002 Hackert et al. 7 segmented HC into HH, HB and HT with the ratio of 35%, 45% and 20% respectively, and did related research. Study showed that dysfunction of HH played an important role in memory impairment in patients with amnesia 20 . Oral memory deficits were associated with left HH atrophy in the patients with traumatic brain injury 21 . Yakushev et al. 4 found that an increase in the diffusion rate of the left HH was significantly associated with delayed verbal memory recall test (DVR), and volume decrease in the left HB and HT was associated with DVR. In the study of Alzheimer's disease, the atrophy of the HH, HB and HT was different, and the HH, HB and HT had unique relationship with the neurocognitive function and the indexes of cerebrospinal fluid 5 .
In view of different function of HH, HB and HT, we hypothesize that the role of HH, HB and HT may be different in neurocognitive impairment caused by radiotherapy. Therefore, it is necessary to analyze the radiation dose of HH, HB and HT.
The radiation dose was significantly different in HH, HB and HT. The D 1 %, D 50 %, D mean and D 99 % of HH, HB and HT decreased in turn, and the radiation dose of HH was much higher than that of HB and HT. In Fig. 2b and d, the isodose curve also showed the dose difference of HH, HB and HT. There was no overall statistic difference in D 99% of bilateral HC, D 50% of HC-L, but there was overall statistic difference in all other parameters. showed that in comparison between HH and HB, there was statistic difference in V 10 % and V 15 % of the HC-L, and V 10 %-V 20 % of HC-R; in comparison between HH and HT, there was statistic difference in V 5 %-V 15 % of HC-L and V 5 %-V 20 % of HC-R; as for comparison between HB and HT, there was no statistic difference in all parameters of bilateral HC. From the beginning of V 30 %, the HB and HT of HC-R was 0, while V 40 % of HT-L was 0. The volume irradiated with different dose also showed that the difference between the HH and HT, HH and HB, HB and HT decreased in turn. There was no statistic difference in some parameters, but the difference in mean value was also obvious. The difference was not statistically significant possibly because of the small sample size.
It is worth noting that the value of HT was greater than HB in V 20 % of HC-R (showed in Table 3 ). By rechecking the data, we found that there were 2 patients whose radiation dose of HT was greater than that of HB in HC-R. The first patient had extensive invasion lesions involving the skull base, left cavernous sinus, left orbital apex, left optic nerve and left internal and external rectus, and the dose curve was showed in Fig. 3 . The other patient was just clivus invasion. This situation may occur randomly because of no HC sparing in the process of radiotherapy planning. It can be seen that because of different extension range, there is possibility that the radiation dose of HT is greater than HB.
IMRT can make HC sparing plan, Han et al. 19 reported that D mean of HC could decreased from (2411 ± 239) cGy to (1414 ± 159) cGy in the IMRT sparing plan. Gu et al. 18 reported that D mean of HC could decrease from 1518 cGy to 899 cGy and 896 cGy respectively under technology of VMRT and IMRT sparing plan. Our results showed that under no HC sparing plan, the radiation dose of HH, HB and HT decreased in turn. We can infer that the radiation dose of the HH, HB and HT will also decrease in HC sparing plan. Compared with HB and HT, HH is closer to positions such as skull base, cavernous sinus etc that was easily invaded in locally advanced NPC. Therefore special attention should be paid to HH that was irradiated with higher dose.
Because of the anatomical characteristics of HC, the anterior-inferior part of HC is close to nasopharynx, while the posterior-superior part of HC is away from nasopharynx. It can be assumed that the radiation dose of HH, HB and HT was different. It is relatively difficult to segment HC into HH, HB and HT, and some method is difficult to implement 22 . This small sample study adopted a simple method which was relatively easy to complete the segmentation. As far as we know, we described the radiation dose of HH, HB and HT for the first time. We confirmed that the radiation dose of HH, HB and HT was different, and the radiation dose of HH, HB and HT decreased in turn. In future we can find more reliable and operable demarcation method, and expand the sample size for further dose study. Further improve the cognitive evaluation of neurological function and explore the roles of HH, HB and HT in cognitive function damage caused by radiotherapy.
